Objectives. While a severe to profound sudden sensorineural hearing loss (SSNHL) may cause serious disability in verbal communication, there have been little studies focusing on this high degree SSNHL. The present study was aimed to investigate the characteristics of hearing recovery in a high degree SSNHL (>70 dB).
INTRODUCTION
Idiopathic sudden sensorineural hearing loss (SSNHL) has been long known since its first documentation in 1944 [1] . It is not rare with a prevalence of 5 to 20 per 100,000 people in the United States [2] . However, its pathophysiology and causes have not been fully determined. The recovery rates varied according to the investigators. Among the prognostic factors is the severity of initial hearing loss [2] [3] [4] [5] [6] [7] . If the severity of initial hearing loss is high, the recovery rate is low. Seventy-decibel (dB) hearing is considered as a significantly difficult level for verbal communication, and a patient usually needs hearing aid. Even with the hearing device, he/she may encounter unsatisfactory understanding. If one cannot recover the 70-dB threshold, he/she may be separated from the verbal society. Therefore, a 70-dB loss has been regarded as a level considering cochlear implantation in many studies. There have been little studies focusing on severe to profound SSNHL. The present study was aimed at investigating the recovery pattern from a high degree SSNHL (≥70 dB). It was also aimed to determine a proper time to consider using hearing interventions such as hearing aid or cochlear implantation.
MATERIALS AND METHODS

Patients
We conducted a retrospective study of patients who were admitted for the treatment of SSNHL between January 2002 and May 2012 at the Department of Otolaryngology, Chonnam National University Hospital. We excluded patients with the following conditions: (1) previous SSNHL history, (2) hearing impairment on the contralateral ear, (3) underlying disease such as diabetes mellitus, hypertension, (4) the presence of vertigo, (5) more than one month duration between onset and treatment, (6) anatomical abnormalities detectable by brain imaging (computed tomog-raphy, magnetic resonance imaging) as congenital anomaly in the cochlea or acoustic neuroma etc. Consequently, 302 patients were included in this study. The patients were comprised of 143 males and 159 females, with an average age of 47.9 years. For the long-term follow-up study, a total of 46 patients were recruited. The age, sex, onset time of treatment and follow-up period were evaluated. The participants' demographics are summarized in Table 1 .
Treatment protocol
All patients were treated within 12 days by systemic administration of steroid hormones in combination with Pentaspan for 7 days, 10% Magnesium sulfate for 7 days, and 5-mg/mL Eglandin (prostaglandin E1) for 5 days as reported previously [8] . During the same period, they were given carbogen (95%O2+5%CO2) for 20 minutes twice a day. Intramuscular injection of methylprednisolone was used for systemic steroids for 12 days including the tapering period. On days 1 to 4, 80 mg of prednisolone was administered, followed by 60 mg on days 5 and 6, 40 mg on days 7 and 8, 30 mg on day 9, 20 mg on day 10, and 10 mg on days 11 and 12. Patients who did not show any hearing improvement after 12 day's systemic steroid treatment, intratympanic dexamethasone injection was done every 2 days for 2 weeks. Fequencies of intratympanic steroid injection were as follow: 70.1% in 70 dB group, 69.2% in 80 dB group, 66.7% in 90 dB group, and 76% in ≥100 dB group. There was no difference in the frequency of intratympanic injection among 4 groups.
Evaluation of hearing recovery
The arithmetic mean of hearing levels at 500 Hz, 1 kHz, 2 kHz, and 4 kHz were used to evaluate hearing recovery. Hearing recovery was evaluated by measuring the hearing level at the first day and 3 weeks, 3 months, 6 months, and 1 year. Hearing level after one year was considered as final hearing. According to the degree of initial hearing level, we divided the patients into 4 groups of 10-dB intervals: 70 dB group, 80 dB group, 90 dB group, and ≥100 dB group. Assessment of the degree of hearing improvement was done according to Siegel's criteria as follows:
(1) complete recovery: final hearing better than 25 dB, (2) partial recovery: more than 15-dB gain and final hearing 25-45 dB, (3) slight improvement: more than 15-dB gain and final hearing poorer than 45 dB, (4) no improvement: less than 15-dB gain and final hearing poorer than 75 dB [9] .
Statistics
Statistical analyses were performed by IBM SPSS ver. 19.0 (IBM Co., Armonk, NY, USA) chi-square, analysis of variance with Bonferroni correction and Pearson correlation analysis. A P-value less than 0.05 was considered as statistically significant.
RESULTS
Age, sex, onset time of treatment and follow-up period were comparable among 4 groups ( Table 1) . We looked at recovery time by conducting long-term follow-up of 46 patients (Fig. 1 ). Changes in average hearing level in all the 4 groups showed the highest recovery during the initial 3 weeks after treatment. Slight recovery was observed between 3 weeks and 3 months. There was almost no recovery after 3 months. We examined the association between hearing gain in each time period and final hearing results using Pearson correlation analysis (Table 2 ). Compared to a later time period, initial 3 weeks' recovery showed the strongest strong correlation with the final recovery level. This means that most of the recovery is presented already at the initial 3 weeks. In other words, the initial 3 weeks' recovery predicts the final outcome.
Considering these results, we evaluated a more large number of SSNHL with high degree hearing loss at 3 weeks (Fig. 2) . The results show that if the initial hearing level is bad, it is unlikely to achieve complete recovery and likely to have a higher portion of no improvement. In particular, in the ≥100 dB group, no patient showed complete recovery, and the majority showed no improvement. There were significant differences in the rate of complete recovery among the 70 dB group and 90 dB group. Partial recoveries and slight improvements were however comparable among 70 dB, 80 dB, 90 dB groups. Evenstill ≥ 100 dB group showed significant less portion of partial recovery and slightly improvement compared to other groups. The overall recovery rate was 61.02% in the 70 dB group and 10% in the ≥ 100 dB group. The results showed that as the initial hearing level got worse, the recovery rate got lower. This is consistent with previous studies that reported initial hearing loss is a predictive factor for hearing recovery.
The level of 3-week hearing gain by a 10-dB degree difference in each group was also studied (Fig. 3) . The mean hearing gain was 23.85 dB in the 70 dB group, 23.94 dB in the 80 dB group, 19.03 dB in the 90 dB group and 6.61 dB in the ≥100 dB group. The average hearing gain was 18.36 dB overall. The mean hearing gain of the other groups was higher than that of the ≥100 dB group with statistical significance.
DISCUSSION
There are several factors affecting the prognosis of SSNHL. Currently known prognostic factors include initial degree of hearing loss, time from onset to treatment, age, accompaniment of vertigo and tinnitus, and type of hearing loss [2] [3] [4] [5] [6] [7] .
A no correlation between the degree of hearing loss and prognosis has been claimed [9] . However, many investigators agree that the initial degree of hearing loss is an important determinant of prognosis. Wilson et al. [10] suggested that a hearing loss of 40 dB or less could be recovered regardless of whether the treatment was performed or not. Sheehy [11] also noted that an Note that, the initial 3 weeks showed the highest recovery rate, 3 weeks to 3 months demonstrated slight recovery but no improvement was noted after 3 months. 70 dB group, n=10; 80 dB group, n=11; 90 dB group, n=16; ≥100 dB group, n=9. initial hearing loss of 45 dB or less yielded a satisfactory prognosis. On the contrary, the severer the initial hearing loss, the worse the prognosis [12] . Liu et al. [13] reported that hyperbaric oxygen effectively resulted in a good to fair recovery in 72% of patients with an initial hearing level of over 91 dB (technically meaning deafness). On the other hand, corticosteroids were without effects when the initial hearing loss was 90 dB or more [10] . According to Hong et al. [7] , among 34 patients who had an initial hearing loss of over 100 dB, none experienced a complete recovery, with only two showing a partial recovery. In the present study, we examined four groups of patients with SSNHL with different degrees of initial hearing loss from 70 dB to ≥100 dB. The recovery rate was the highest in the 70 dB group (61%), and 53.9% in the 80 dB group, 38.3% in the 90 dB group, and 10% in the ≥100 dB group. These results support the previous notion that the recovery rate decreases as a function of the severity of initial hearing loss.
Ito et al. [14] reported that the hearing recovery during the initial 1-2 weeks has a good correlation with the final outcome. The recovery was seen mostly within 3 weeks in our study. The recovery at 3 weeks was positively correlated with final hearing gain. It is assumed that the early recovery rate predict the final outcome in severe to profound SSNHL also. There was a slight recovery during the period between 3 weeks to 3 months. The recovery was rarely seen thereafter. Only one patient in the 70 dB group and one patient in the 90 dB group showed a partial recovery among the 46 patients. We suggest that since recoveries after 3 months are rare, hearing intervention should be considered after this time period. We have previously reported that SSNHL occurring in the only hearing ear also shows rare recovery after 3 months [8] . Accordingly, early hearing intervention as cochlear implantation should be considered to restore patient's verbal communication.
In conclusion, the level of initial hearing loss and the recovery rate in the initial 3 weeks are prognostic factors in the high degree of SSNHL. A recovery is rare after 3 months. An early hearing intervention such as hearing aid should be considered especially with a loss over 100 dB. If severe to profound SSNHL occurs in the only hearing ear, cochlear implantation may be considered as early as 3 months to restore the patient's verbal communication. Comparison of hearing gain during initial 3-week period among the 70 dB group, 80 dB group, 90 dB group, and ≥100 dB group. Note that in the 70 dB group, there cannot be a gain value exceeding 70 dB. The degree of hearing gain is lower in the highest grade hearing loss group.
